This research reports the synthesis, characterization and catalytic properties ofnovel supported catalyst based on nickel acetate hydrate (denoted as NiOAC) immobilized on graphene oxide (denoted as GO) modified polyethylene glycol (abbreviated as PEG). The supported catalyst was characterized by X-ray diffraction spectroscopy (XRD), Scanning electron microscopy (FESEM), Furrier transforms infrared spectroscopy (FT-IR) and diffuse reluctance spectroscopy (DRS). In addition, under mild reaction conditions, the mentioned catalyst exhibited high photocatalytic activity and reusability in photocatalytic degradation of dyes as pollutants. For this research, a statistical method called Response Surface Methodology (RSM) has been used to economize the number of experiments and their meaningful interpretation.The effect of various factors such as catalyst amount, time, pH on degradation of methylene blue were investigated. Optimization results for 20 ppm methylene blue showed that maximum degradation efficiency 92.9% was achieved at the optimum conditions: catalyst amount 24.6 mg, pH= 7.6 and time 23.3 min.
Introduction
Graphene oxide (GO) with a layered structure is characterized by functional groups on the surface such as carboxyl, hydroxyland epoxide. GO shows extraordinary unique properties such as strong mechanical strength, exceptional thermal properties, high ratio of surface area (2630 m 2 /g), etc [1] .
Graphene-based materials with various types of functionalization are available,and they have unique properties including charge transportation, electrical conductivity, mechanical strength, and porosity [2] . Graphene oxide nanosheetsdecorated mostly with functional groups such as epoxide, carboxylic and hydroxyl groups. GO nanosheets have hydrophilic properties due to the wide range of functional groups containing oxygen on the surface of layers of graphene oxide. These functional groups allow graphene oxide nanosheets to be no covalently functionalized by bio molecules, carbon nanotubes, organic molecules and by p-stacking interactions, hydrogen bonding interaction or vander waals forces [3] [4] [5] [6] [7] [8] [9] . Graphene oxide nanosheets is readily functionalized with various surfactants, polymeric materials, and nanoparticles in order to provide enormous potential for applications in materials science and engineering [10, 11] . In recent years, graphene oxide catalyzed photocatalytic reactions such as degradation of dyes [12] [13] [14] [15] [16] . Graphene oxide is prepared by the oxidative procedure of graphite by one of the principle methods improved by Brodie, Hummers or Staudenmeir [17] . Functionalization of graphene oxide can fundamentally change graphene oxide's electrical, mechanical, thermal and electrical conducting properties,also sulfated graphene was tested as catalyst for the esterification of acetic acid, the Beckmann condensation and hydration of propylene oxide.In addition, some reports have demonstrated that immobilizations of transition metal nanoparticles on graphene oxide nanosheetsproduce efficient photocatalysts [18] [19] [20] [21] . Graphene-based polymer composites have the unique mechanical, electrical and flame retardant properties, compared to the neat polymer. Also, surface to volume ratio of graphene is higher than carbon nanotubes, rendering graphene potentially more favorable to form functional nanocomposites for various applications. It was also shown that the developments in mechanical and electrical characteristics of graphene-based polymer composites are much better in comparison to that of clay or carbon filler based polymer composites [22] [23] [24] [25] [26] . Polyethylene glycol has the ability to serve as active sites since the polyethylene oxide chains can form stable complexes with metal cations, similar to crown ethers. To maintain electro neutrality, such PEG-metal cation complexes must bring an equivalent anion into the organic phase, thus makingthe anion available for reaction with the organic reactants. Many factors affect phase catalytic activity, such as , chain end effects, polyethylene glycol molecular weight and the nature of the associated cations and anions [27, 28] . Design-expert 7.0.0 software (Stat Ease, USA) was used for this study. In this study, central composite design (CCD) was employed with 30 experiments. Artificial neural network (ANN) was used for designing the process modeling [29] . Formal batch adsorption studies depend on different process parameters, such as initial solution pH, time and catalyst amount. But, this approach does not determine the combined effect of all the process parameters. For scale-up studies, conventional batch process is time consuming and to determine the optimum levels (which may be unreliable) requires a large number of experiments and thereby, increase the overall cost of the process. Thereupon, The main aim of the present study is to consider a novel system for catalytic and photocatalytic properties by using nickel acetate, immobilized over graphene oxide modified with polyethylene glycol as natural molecule. The advantage of this catalyst is that we combine the high surface area of the graphene oxide support for immobilization of catalytic active metal ions as heterogenous catalyst with the polyethylene glycol as a carrier of functional and oxygen groups for link to metal ions and create the active sites.In addition, we describe the photocatalytic activity of the catalyst and photodegradation by visible light irradiation of dyes as pollutants using a synthesized photocatalyst with two components, GO and PEG as environmentally friendly and nickel acetate as owing to have vacant d orbitals forexciting the electron for electron transfer reactions.
Materials and methods
Solvents, reagents and chemicals were obtained from Merck, Fluka or Aldrich chemical companies.The samples were ground into a fine powder for characterization. FT-IR spectra were obtained as potassium bromide pellets in the range of 400-4000 cm -1 with a Nicollet-Impact 400D instrument. Field emmision scanning electron microscopy (FESEM) of the catalysts and supports were taken on SEM Philips XL 30 instrument. Diffuse reflactant spectroscopy (DRS) UV were recorded on a 160 Shimadzu spectrophotometer. X-ray diffraction (XRD) patterns were recorded with a Philips X-ray diffractometer (Model PW1840).
Preparation of graphene oxide (denoted as GO)
For the improved method, a 9:1 mixture of concentrated H2SO4/H3PO4 (360:40 mL) was added to a mixture of graphite powder (3.0 g, 1 wt equiv) and then KMnO4 (18.0 g, 6 wt equiv) was added slowly to the resultant mixture, producinga slight exotherm to 35-40 °C. The reaction was then heated to 50 °C and stirred for 12 h. The reaction was cooled to room temperature and poured onto ice (400 mL) with 30% H2O2 (3 mL). The mixture was centrifuged (4000 rpm for4 h), and the supernatant was decanted away. The remaining solid material was then washed with 200 mL of water, 200 mL of 30% HCl, and 200 mL of ethanol and centrifuged under 4000 rpm for 4 h and the supernatant decanted away. The material remaining after this extended, multiple-wash process was coagulated with 200 ml of ether and the resulting suspension was filtered over a PTFE membrane with a 0.45 pore size. The solid obtained on the filter was vacuum-dried overnight at room temperature, obtaining 5.8 g of product [17] . Scheme 1 shows the structure of the resultant graphene oxide. 
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Preparation of polyethylene glycol-grafted graphene oxide (denoted as PEG-GO)
The PEG-modified GO polymeric nanocomposite was prepared through a covalent bondformation between a polymeric chain of polyethylene glycol and graphene oxide whichwas called PEGylation. Accordingly, 0.05g graphene oxide was dissolved inthe minimum possible amount of deionized distilled water and then was exposed toultrasonic for 5 min. After removing the solution from the ultrasonic bath, 2 ml ofsolution was immediately added to 1g polyethylene glycol 600. The mixture was stirred under 300 rpm for 24 h at 25 ºC. After a certain time, the obtained modified graphene oxide wascompletely dissolved in the hydrophilic polymer. Scheme 2 shows the structure of the resultant composite [30] . 
Preparation of supported catalyst with nickel acetate salt (denoted as NiOAC@PEG-GO)
The supported catalyst was synthesized by ultrasonic irradiation method, in this way 0. Figure 1 shows the FT-IR spectra ofprepared materials and the following functional groups were identified in all samples: (3300-3400 cm _1 ) related toO-H stretching vibrations,(1720-1740 cm _1 ) subjected to C=O stretching vibration, characteristics band for C=C from unoxidized sp 2 C-C bonds appeared in (1590-1628 cm _1 ), and C-O vibrations appeared at1228 cm _1 and for Epoxidegroupsat (849, 1048 cm _1 ) ranges. A band at 1114 cm -1 corresponds to the stretching vibration of O-C-O group, which is a characteristic peak for polyethylene glycol skeleton (as shown in figure1c). The pristine graphite typify the characteristic band at 3430 cm _1 for O-H stretching andat 1610 cm _1 for skeletal vibrations from graphitic domains of adsorbed water and aromatic domain (C=C), respectively ( Figure 1a ). Some new peaks at 1726 cm _1 for C-O stretching appeared for graphene oxide,3447 cm _1 for O-H stretching, and 1048cm _1 and for C-O stretching from that of pristine graphite. The C-C aromatic peak shows characteristic peak at 1621 cm _1 GO due to the presence of some electron-withdrawing oxygen-containing functional groups [17] . the case of functionalization of GO with PEG the -OH stretching peaks (3447 cm _1 ) of GO are shifted to lower energy vibration at between PEG and GO sheets. The 1726 cm _1 peak of C-O group shows a shift to 1649 cm _1 and the epoxide stretching vibration of GO at 1048 cm _1 has shifted to 1114 cm _1 indicating H-bonding between PEG and epoxy group of GO. The increased frequency of vibration is due to the ring structure of H-bonded epoxy group of GO in the GO-PEGnanocomposites [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] . After immobilization of acetate nickel on PEG-GO the broad new peak appear at 1557 cm -1 was related to acetate group and confirmed the simple salt of nickel was supported on PEG (Fig.3d) . the peak related to Ni-O bond was observed below 1000 cm -1 ranges. Diffuse reflectance (DR) Uv spectra of GO, PEG-GO and NiOAC@PEG-GOwas studied. Figuren 2a shows DR Uv spectrum of graphene oxide. The UV spectra of GO showed absorption bands in the Central composite design….
Result and discussion
Sample characterization
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227-231 nm rigions as previously reported for GO due to The π→π* transitions [17] . For PEG-GO the peak related to GO was observed and confirmed that GO was present in PEG-GO, in addition the peak subjected to C-O band for polyethylene glycol was observed at 380-400 nm regions( Figure   2b ).For supported catalyst the bands for nickel acetat (due to d→d transitions)were observed with the shift due to supported nickel acetate salts on polyethylene glycol grafted graphene oxide( Figure   2c ). To investigate the effect of the modification procedure on the surface morphology, the surface FESEM images were prepared and then were compared together in Figure 3 .To investigate the effect of the modification procedure on the surface morphology, the surface FESEM images were prepared and then were compared together in Figure 3 . The FESEM images of GO are also shown in Figure 3a . In Figure 3a the morphology of GO was shown layers with about 100 nm thickness. PEG supported on the surface of graphene oxide and formed polymer thin layer on the top of the GO (Figure 3b ). As can be seen, the surface morphology was changed by supporting the PEG which led to the creation of a smoother and more compressed surface than that of unmodified GO. Figure 3c shows that the surface morphology was changed by supporting the nickel acetate which led to the disappear smoother and compressed surface than that of unmodified graphene oxide grafted polyethylene glycol. film. In addition, there is a broad peak at ~19 O two theta due to a unoxidized component(s) generated during the chemical processing of bulk graphite powder to make graphene oxide nanosheets [14] . After modification of GO with PEG the XRD pattern of GO-PEG was shown two characteristic peaks of PEG according to previous reportedandconfirmingthe immobilization of PEG on GO nanosheets. Immobilization of nickel acetate on the surface of GO-PEG led to change in the powder XRD pattern when compared with that for GO-PEG is confirming the formation of a new material and a possible change in crystallinity and interplanar space. From XRD images for the supported catalyst, the caracteristics peaks for the monoclinic structure of nickel acetate was maintained after immobilization of nickel acetate and the peaks at 2Ɵ=13.2 and 28.5 for monoclinic structure of nickel acetate was observed for XRD pattern of the catalyst.
Central composite design….
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Degradation of methylene blue (MB)
Methylene blue was selected as model dye for investigation of photocatalytic degradation of dyes as pollutants. Methylene blue is a heterocyclic aromatic chemical compound with the molecular formula C16H18N3SCl. At room temperature it appears as an odourless green powder, which yields a blue solution when dissolved in water and gives characteristic spectrophotometric absorbance at 663 nm. It has many applications in the various fields. Methylene Blue (MB) is a cationic dye, extensively used in variety of industrial application with main applications in coir and textile industries. It is most commonly used dye for coloring cotton, wood, paper stocks, and silk. It is also utilized in the field of medicine [25] . Scheme 1 shows the structure and spectrum of MB.
Scheme 4. Structure and UV-vis spectrum of methylene blue.
Abbas Teimouri et al.
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The photocatalytic reactions were performed for 20 ppm initial concentration of MB under different experimental conditions, using different amounts of catalyst, time and various pH for degradation of methylene blue; this was done without irradiation, and the pH conditions were changed from acidic to basic. For consideration of effect of immobilization of supporting procedure on photocatalytic activity the experiments under same conditions was performed with NiOAC as catalyst. The results showed even up to 1h the degradation of methylene blue was trace in the presence of NiOAC and PEG as catalyst, so the influences of supporting NiOACon the surface of graphene oxide and on the photocatalytic degradation of MB were obvious ( Figure 5, Figure 6 ). means all the terms depicted in the model were significant. In this case, the non-significant lack-offit (0.07) confirmed the quadratic model was valid for this process.
Comparison between theoretical and experimental data
The CCD equation of actual factors was solved by partial differential calculus for obtaining the optimum value of A, B, C. The optimized value showed below and Table 1 shows optimized data was obtained for this study. A (pH)=7.6, B (catalyat amount)=24.6 mg, C (time)=23.3 min for initial concentration 20 ppm. For optimized condition, the experimental percentage of degradation was 92.9%. Table 1 . Constraints applied for optimization process for initial concentration 60 ppm.
C A T A L Y S T A M O U N T T I M E
The regression plot of the trained network was shown in Figure 7 . The trained network gave a correlation coefficient of 0.938. A high correlation coefficient of this plot signified the reliability of the neural model with the experimental data. The model summary Statistics results was showed in Table 2 . The predicted R-squared of 0.892 is as close to the adjusted R-squared of 0.796. This confirmed your model is acceptable. 
Catalytic behavior, separation and recyclability
The stability of the supported catalyst was monitored using multiple sequential degradation of MB with synthesized catalyst under visible light irradiation. For each of the repeated reactions, the catalyst was recovered, washed thoroughly with water and dried before being used with fresh methylene blue solution. Figure 9 shows that the catalysts were consecutively reused five times.
The catalyst was recovered for five runs without the loss of activity. 
P a g e | 64
For considering the effect of methylene blue concentration on the photocatalytic activity, the experiments were performed under optimized conditions which obtained from CCD experiments at 7 different dye concentrations (20, 30, 50, 60, 80, 100, 150) . Figure 10 shows that percentage degradation by catalyst is decreased by increasing the initial dye concentration from 20 to 150 mg/L and pH=7.6. The reduction of degradation by raising the dye concentration can be explained by the decrease in active sites on the adsorbent surface due to aggregation of particles. In addition, after 150 ppm the degradation was nearly constant. The effect of initial dye concentration on degradation showed in Figure 10 . Table 3 . compares the photocatalytic activity of the supported catalyst with those of other reported catalysts for the degradation of dyes. 
Conclusions
NiOAC-supportedmodified graphene oxide (denoted as NiOAC@ PEG-GO) was prepared by anchoring NiOAC on the surfaces of PEG-coated GO nanoparticles. This catalyst showed excellent photocatalytic activity and high performances in degradation of methylene blue under visible light irradiation and could, therefore, be reused at least five times, with only a slight decrease in photocatalytic activity. In addition, this catalyst could be easily separated at the end of the reaction using centrifuging. The results showed that supported catalyst could accelerate electron transfer in photocatalytic procedures due to good dispersion of NiOAC on the surface of modified graphene nanosheets.
